Objectives. Nailfold capillaroscopy is being increasingly used by rheumatologists in the diagnosis of SSc. However, assessment of all nailfolds can be time-consuming in a busy outpatient clinic. Our aim was to answer the question as to how many (and which) fingers a clinician should routinely assess to capture accurately the true state.
Introduction
Abnormal nailfold capillaries are one of the 2013 ACR/ EULAR classification criteria for SSc [1, 2] . Typical nailfold capillary abnormalities include widened capillaries (including giant capillaries, i.e. homogeneously enlarged vessels with a diameter of at least 50 mm, considered pathognomonic of SSc), areas of avascularity, distortion of the normal nailfold architecture and haemorrhages [35] . In the patient presenting with RP, abnormal nailfold capillaries predict SSc [6, 7] and are therefore crucial in early diagnosis [810] .
The gold standard for nailfold capillaroscopy is to examine eight fingers, omitting the thumbs, where it is more difficult to visualize/classify capillaries [11] . It is generally accepted that if abnormality exists in any finger/nailbed, then that patient has abnormal nailfold capillaries. Degrees of abnormality can be graded according to the early, active and late patterns defined by Cutolo et al [5] , with a patient given the most severe grade observed across all eight fingers. As the use of capillaroscopy becomes more widespread, a key question for busy clinicians is 'How many fingers do I need to examine?'. If, for example, abnormality could be diagnosed by examining two or four (as opposed to eight) nailfolds, then this would save time. The problem is that nailfold morphology can vary markedly between nailfolds, as exemplified in Supplementary Fig. S1 , available at Rheumatology online, where abnormalities are only visible in some but not all fingers. The aim of this study was to answer the question of how many (and which) fingers a clinician should routinely assess with nailfold capillaroscopy in order to be sure that the resulting overall picture accurately represents the true state of the nailfold capillaries. Specific objectives were to examine different fingers and combinations of fingers, comparing results to the gold standard of all eight fingers, and examine different fingers and combination of fingers, comparing results in relation to diagnostic groups [healthy controls (HCs), primary RP (PRP), SSc].
Methods

Patients
A total of 123 patients (101 with SSc, 22 with PRP) and 50 HCs were recruited at Salford Royal NHS Foundation Trust, a tertiary referral centre for SSc, and imaged at a baseline visit as part of a previously reported study examining the reliability of nailfold capillary assessment [12, 13] . Imaging sessions were carried out after 20 min acclimatization at 23 C in a temperature-and humidity-controlled laboratory. Participants were asked to refrain from caffeine and smoking for 4 h before imaging. All participants gave informed written consent. The study was approved by the Greater Manchester East Research Ethics Committee (reference 11/NW/0444).
Image acquisition
At each study visit, panoramic nailfold videocapillaroscopy images were captured using a microscope with 300Â magnification (KK Technology, Honiton, UK). Green light-emitting diode illumination was used to ensure maximum capillary contrast. Images were recorded from all 10 digits, including the thumbs. Custom capture software allowed greyscale images to be recorded as panoramic mosaics across the entire nailfold (to avoid potential issues relating to any within-nailfold heterogeneity, as demonstrated in Supplementary Fig.  S1 , available at Rheumatology online) by registering and then digitally stitching individual camera frames [14, 15] .
Image analysis and grading
Images were assessed in a random order by 10 capillaroscopy experts (hereafter known as observers) from four European countries, who were blinded to the image's metadata (e.g. participant group, finger). A custom software tool, written specifically for this study, was used to assess the images, as previously described [12, 13] . In this analysis we only consider two nailfold parameters: the number of giant vessels (homogeneously enlarged vessels with a diameter >50 mm) recorded in each nailfold and overall image grade (normal, early, active, late, nonspecific or two different ungradeable categories). The early/active/late classification criteria used for overall image grade was as defined by Cutolo et al. [5] . Abnormality was defined independently for the two parameters considered: the presence of one or more giant capillaries in an image and the identification of any one of the three SSc patterns of early, active or late. An observer could choose to assess one or both parameters. There were 2994 assessments of 1600 images from 173 participants included in this analysis.
Finger combinations
Since it would be impractical to examine all possible combinations and numbers of nailfolds (e.g. there are 45 two-finger combinations that can be selected from 10 nailfolds), we chose to concentrate on the middle and ring fingers. This was because a recent multicentre study [16] suggested the middle finger of the dominant hand gives the best capillaroscopic prediction of digital ulcer risk and early capillaroscopy work suggested that appearances in the ring fingers best discriminated between PRP and SSc [17] .
Statistical analysis
We investigated factors that might influence the probability of observing either a giant vessel in an image and/or an abnormal image grade using a mixed effects logistic regression (MELR) model with a random effect for participant including fixed covariates for age, sex and diagnostic group of the participant, finger (index, middle, ring, little) and hand (left or right) of the image and rater. As the purpose of these analyses is to assess the probability of detecting apparent abnormality, whether correctly or incorrectly, we classified images graded as non-specific as a failure to detect or negative, so they are included in the analysis. Marginal probabilities for the detection of giant vessels or abnormality in images (i.e. the effect averaged across other model covariates) were estimated from the model [18] . All statistical analyses were carried out using Stata 14 (StataCorp, College Station, TX, USA). 
Results
Unclassifiable images
For the assessment of giant vessels, 21.5% (644/2994) of image assessments were unclassifiable. When the MELR model was fitted there was evidence that the unclassifiable proportion varied between fingers. The ring finger (P 4 0.001) and the little finger (P < 0.001) were less likely to be missing than the thumb, and observations from the left hand were more likely to be available than from the right (P = 0.012).
For the assessment of image grade, 56.8% (1700/2994) of image assessments were unclassifiable. When an MELR model was fitted, thumbs were more likely to be unclassified than other fingers (P < 0.001), with the ring finger being least likely to be unclassified, followed by the little finger. There was no difference between hands.
Detection of abnormality using visualization of giant capillaries or an abnormal image grade Dichotomous variables were constructed for the observation of giant vessels in an image and an overall assessment being abnormal (one of early, active or late).
Presence of giant vessels
When an MELR model was fitted to the dichotomous variable for giant vessels, there was evidence (P < 0.001) of a difference between fingers, with the thumb having the lowest abnormality rate of 4.4% (95% CI 2.5, 6.2).
Estimates from the MELR model after adjustment for other covariates suggest that giant vessels are most likely present and detectable in the ring finger. The abnormality rates for other fingers were 9.2% (95% CI 6.3, 12.0), 10.7% (7.6, 13.7), 14.7% (11.2, 18.3) and 10.8% (7.7, 13.9) for the index, middle, ring and little fingers, respectively. There was a substantial difference between clinical groups (P < 0.001), with the marginal estimate of giant vessel abnormality rate being 15.5% (95% CI 11.3, 19.7) for SSc, dropping to 3.5% (0.3, 6.8) for PRP and 1.0% (0, 2.0) for HCs.
Abnormal image grade
Again there was evidence of a difference between fingers (P < 0.001), with thumbs having the lowest abnormality rate [14 Selected finger combinations: sensitivity, specificity and reliability Table 2 gives the frequency and percentage of participants with (a) one or more giant capillary, (b) an abnormal image grade and (c) a composite measure of (a) and (b) for pre-specified fingers or combinations of fingers by diagnostic group. The rates of detection of the three measures (a, b and c above) in the SSc group can be thought of as the sensitivity, whereas the failure to detect (a), (b) and (c) in the PRP and HC groups can be thought of as the specificity. For example, considering giant vessels, in the left ring finger there is a sensitivity of 26.7% and a specificity of 98.7% for HCs and 93.7% for PRPs. Considering any middle or ring finger as a diagnostic criteria, the corresponding sensitivity is 43.8% and specificities are 95.5% and 85.7%, respectively, for patients with PRP and HCs. And considering image grade, for any middle or ring finger the sensitivity is 65.4% with specificities of 90.9% and 78.6% for HCs and patients with PRP, respectively. When giant vessels and image grade are combined (again for any middle or ring finger), the sensitivity is 66.7% with specificities of 90.9% and 76.2% for HCs and patients with PRP, respectively. In comparison, when giant vessels and image grade were combined for the eight-finger gold standard, sensitivity against the diagnostic criteria was 74.6% (53.0% for the presence of giants alone and 73.1% for image grade alone) with specificities of 86.9% and 70.7% for HCs and patients with PRP, respectively.
Discussion
Our results suggest that examining fewer than eight nailfolds (symmetrically two or four) reduces the sensitivity to detect capillary abnormalities. However, if a clinician is pressed for time, the best two-finger combination is both ring fingers, with a sensitivity of 59.8% for detecting either giant vessels or an abnormal image grade. A fourfinger combination of both middle and ring fingers increases sensitivity to 66.7%. These values compare to the eight-finger gold standard correctly identifying abnormality (giants or abnormal grade) in 74.6% of SSc cases. If only one finger is examined, then examining the nondominant ring gives only 46.6% sensitivity, therefore at least two fingers should be examined. It should be noted from the data in Table 2 that the sensitivities are only slightly improved by adding the detection of giant capillaries to the abnormal image grade [i.e. going from section (b) to section (c) in Table 2 ]. Sensitivities for the detection of giant capillaries alone are lower for all finger combinations than for abnormal image grade alone. Although in practice clinicians are more likely to look at image grade rather than at giant capillaries alone, nevertheless, giant capillaries are useful in diagnosis, especially The any finger combination refers to the eight-finger gold standard.
https://academic.oup.com/rheumatology for those less experienced in capillaroscopy, and are very specific for SSc (almost never occurring in HCs) as demonstrated in Table 2 . The occurrence of giant capillaries in 22% of patients with PRP is surprising and may reflect how some patients with PRP, especially at a tertiary centre, may be in early transition to an SSc-spectrum disorder. Additionally (although not specially addressed in this study), giant capillaries are the most easily visible abnormal feature when using lower-magnification capillaroscopy systems. The optimal number of nailfolds examined is likely to be dependent upon the question being asked. To predict digital ulcer risk using capillaroscopy, one study [19] suggested that eight fingers (at least one field per finger) should be examined, whereas another suggested that examining the middle finger of the dominant hand was sufficient [16] . Other work examining treatment response advocates imaging eight fingers [20] .
In conclusion, this analysis of a large number of whole nailfold images demonstrates that to detect abnormality, all eight nailbeds (excluding thumbs) should be examined, since there is a decrease in sensitivity if only four fingers are examined (from 74.6 to 66.7%). The relevance of our findings will depend on local arrangements for performing capillaroscopy but allows informed choices to be made.
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